ABSTRACT: Population dynamics of Azotobacter chroococcum has been studied in the rhizosphere of a sugarbeet hybrid inoculated with Azotobacter strains 5, 8 and 14. Simultaneously we examined the effects of four levels of nitrogen fertilization (non-fertilized control, 50, 100, 150 and 200 kg N/ha) and the applications of manure and harvest residues. Samples were taken three times, in May, July and October. The experiment included inoculated and non-inoculated variants at all four levels of fertilization, in five replicates.
INTRODUCTION
Numerous experiments on plant inoculation with free N-fixing bacteria such as Azotobacter have shown that it is difficult to foresee plant response to inoculation. Obviously, plant -bacterium interactions are complex and unstable and they vary in dependence of plant genotype and bacterial strain (S ar i ã et al. , 1995, 2001 ; M e z e i et al., 1999) . On the other hand, it was shown that inoculation efficiency is increased when bacterial strains are isolated from a plant species that is to be inoculated (homologous strains) (A r t e et S h e n d e, 1981; W a n i et al., 1985) . Furthermore, only some strains are capable of forming successful associations with several plant species.
To be able to establish a population status, i.e., the number of bacteria in plant rhizosphere, it is essential to have insight into the success of survival of bacterial strains introduced by inoculation. However, in most experiments, especially those on Azospirillum, no correlation could be found between the number of applied bacteria and their effect on plant development (K e s a v a R a o et al., 1990; B a s h a n and L e v a n o n y, 1990; O ' H a r a et al., 1981) . Some degree of association was established between grain yield increase in four barley varieties and the rate of survival of the applied A. brasilense (T i l a k and M u r t h y, 1983). This finding opens the question whether an active colonization of rhizosphere (root) with applied bacteria is sufficient to ensure their positive effect on plant development (B e l i m o v et al., 1995) .
The objective of this study was to establish the population dynamics of Azotobacter in inoculated and non-inoculated plants, i.e., to assess the effect of inoculation on Azotobacter population size in sugarbeet rhizosphere in dependence of fertilization intensity.
MATERIAL AND METHODS
Field experiments were conducted on a chernozem soil, in the location of Rimski Šanåevi, in 2002. Sara, a sugarbeet hybrid variety developed at the Institute of Field and Vegetable Crops in Novi Sad, was used in the study. Sugarbeet seeds were inoculated by incorporating a culture of Azotobacter strains, with the density of 109/ml, into the soil directly before planting. The strains had been isolated from the rhizospheres of the varieties Dana and Hy-11.
The experiments were set up in a block system in five replicates. Seeds in the control were not inoculated. Four variants of nitrogen fertilization were tested (50 kg N/ha, 100 kg N/ha, 150 kg N/ha, 200 kg N/ha) in addition to a variant without nitrogen. Beside the effects of different NPK intensities, we also analyzed the effect of the application of manure and harvest residues.
Samples for microbiological analyses of rhizospheric soil were taken three times, in May, July and October. The number of Azotobacters was determined by the drop method on the Fiodorov medium and expressed per 1 g of absolutely dry soil.
RESULTS AND DISCUSSION
The highest counts of Azotobacter, in both inoculated and non-inoculated variants, were obtained at the beginning of the growing season (1st date). These results were in agreement with those of S a r i ã (1972, 1978) . In the chernozem soil and at the beginning of the season, the Azotobacter population was more numerous under sugarbeet than under wheat, corn or sunflower (S a r i ã, 1978).
The Azotobacter population increased in all inoculated variants with NPK, the non-fertilized variant and on all sampling dates. On average for all dates, the highest increase was obtained in variants with 150 and 100 kg N/ha. The lowest increase was registered in the variants with 50 and 200 kg N/ha (Table  1) . The largest Azotobacter population among the inoculated variants was obtained in the variant which received no nitrogen. Lowest Azotobacter populations were obtained with 200 kg N/ha in both inoculated and non-inoculated va-riants. This was an indication of the inhibitory effect of mineral fertilizers, especially when applied in high doses, on the population size of Azotobacter. All variants of nitrogen application in combination with manure as well as the non-fertilized variant had an increased number of Azotobacters in relation to the non-inoculated control variant ( Table 2 ). The highest increase was achieved in the variant with 100 N/ha, the lowest by the variant with 50 kg N/ha. On average for all dates, the lowest numbers of Azotobacter were registered with 200 kg N/ha in both inoculated and non-inoculated variants. The highest Azotobacter population was found in the variant with inoculation and no nitrogen. Largest increases in Azotobacter population were obtained when fertilization was combined with harvest residues on the 2nd date, different from Table  1. and Table 2 . The highest increase was registered in the variant with 200 and 100 kg N/ha, the lowest in the variant with 150 kg N/ha (Table 3 ). The number of Azotobacters was somewhat diminished on the 2nd date while the 3rd date remained at the level of the 2nd. This was similar to the variants that received only different nitrogen doses (Table 4 The combining of nitrogen fertilizer, manure and harvest residues had a different effect on the Azotobacter population size than when these three types of fertilizers were applied alone. On average, the largest population was found in the non-fertilized variant, which is in agreement with the previous results. On the 3rd date of sampling (October), however, Azotobacter populations in the inoculated variants, regardless of nitrogen dose (50, 100, 150 and 200 kg N/ha), were decreased in relation to their non-inoculated counterparts. On the average for the three dates of sampling, the dose of 150 N/ha reduced the Azotobacter populations in the inoculated variants as compared with the non-inoculated ones.
Our 1998 study which included different fertilization intensities (0, 40, 80 and 120 kg/ha) showed that the yields of sugarbeet roots and crystal sugar increased with all fertilization intensities. The highest increase was achieved with 80 kg N/ha. The inoculation without fertilization, i.e., without nitrogen application, brought the highest increase in sugar content (%). It is well known that high doses of nitrogen fertilizers inhibit the effect of nitrogen-fixing bacteria. Results of a 5-year study on sugarbeet (S a r i ã, 1978) indicated that nitrogen application and the lowest dose of NPK tended to stimulate Azotobacter activity. It is well known that high doses of nitrogen fertilizer inhibit the activity of nitrogen-fixing bacteria.
This study showed that inoculation had the highest effect on the Azotobacter population in the rhizosphere of the variety Sara in the variant with 100 kg N/ha. The lowest effect was registered in the variants with 200 and 150 kg N/ha.
The highest Azotobacter population in the rhizosphere of the variety Sara was achieved with the combined application of harvest residues and 50 kg N/ha.
The Azotobacter population density peaked at the beginning of the season (in May) and then it decreased towards the end of the season.
CONCLUSIONS
-Azotobacter populations were largest, in both non-inoculated and inoculated variants, at the beginning of the season (1 st date) and they decreased subsequently.
-The inoculation of the rhizosphere of the variety Sara increased the number of Azotobacters in relation to the non-inoculated variant at all three dates. The highest increases were registered in the variants with NPK and NPK + manure (1 st date) and in the variant with harvest residues and harvest resiued + manure (2 nd date).
-Inoculation increased the number of Azotobacters in sugarbeet rhizosphere at all four intensities of nitrogen fertilization. The increase was highest in the variant with 100 kg N/ha. The increase was lowest in the variant with 150 kg N/ha. tu za ratarstvo i povrtarstvo u Novom Sadu. Inokulacija semena šeãerne repe je izvršena tako što je kultura sojeva Azotobactera gustine 10 9 /ml (5, 8, 14) inkorporirana u zemqište neposredno pre setve. Sojevi su izolovani iz rizosfere Dane i Hy-11. Uzorci za mikrobiološke analize rizosfernog zemqišta uzimani su u tri roka: u maju ¡ rok, julu ¡¡ rok i u oktobru ¡¡¡ rok. Broj Azotobactera odreðivan je metodom kapi na Fjodorovoj podlozi. Brojnost je odreðiva-na metodom razreðewa i izraÿena na 1 gram suvog zemqišta. Na neinokulisanim i inokulisanim varijantama najveãi broj Azotobactera dobijen je poåetkom vegetacije (¡ rok), a zatim opada. Inokulacijom je poveãan broj Azotobactera u odnosu na neinokulisanu varijantu u rizosferi Sare u sva tri roka. Inokulacijom je dobijeno poveãawe broja Azotobactera u rizosferi, sa sva åetiri nivoa ðubrewa azotom, najveãe sa dodatkom sa 100 kg N/ha, a najmawe sa 150 kg N/ha.
